Intracellular delivery of exogenous DNAs is a key factor for the development of gene therapy and editing1-4. Owing to their clinical applications and potentials, short DNAs have been important targets of delivery studies5-8. Viral vectors have been demonstrated to be highly efficient, but suffer from safety concern, high cost, and scale-up difficulty9-11. In the past two decades, non-viral cationic vectors, in particular liposomes12,13, dendrimers14-16, polymers17-21, and nanoparticles22 -25, have been extensively investigated through multivalent electrostatic interaction with DNAs and achieved considerable success. However, relatively high cytotoxicity, limited transfection efficiency and lack of precision remain as obstacles for their clinical trials. Materials with defined porosity are structurally suitable for DNA inclusion because their inherent pores are expected to avoid unrequired entanglement of included DNAs, which may restrain reversible gene release.
Nevertheless, reported vectors of this family have been limited to solid-state structures26-28, the slow metabolism of which may cause detrimental internal aggregation. The development of watersoluble cationic porous frameworks that are able to operate in a homogeneous manner is expected to integrate the advantages of the above two kinds of vectors. However, this possibility has not been realized.
We have recently developed a general strategy for the generation of water-soluble threedimensional (3D) supramolecular organic frameworks (SOFs) from the co-assembly of preorganized multicationic monomers with cucurbit [8] uril (CB [8] ) [29] [30] [31] [32] . As a family of selfassembled water-soluble porous polyelectrolytes, diamondoid SOFs were demonstrated to adsorb anionic guests and deliver adsorbed chemotherapeutic reagents, such as pemetrexed, into tumor cells. 33 We herein describe that two kinds of SOFs, which have a pore size of approximately 2.2 or 2.0 nm, can include short single-or double-stranded (ss-and ds-) DNAs (21, 23 and 58 nt), which is readily realized by simply mixing the two samples, and deliver the DNAs into normal and cancer cells. We demonstrate that, out of 126 delivery experiments, 98 cases can achieve a delivery efficacy surpassing that of Lipo2000, a commercial transfection reagent. which is the basis for all reported polycationic DNA carriers. The homogeneity of SOFs is expected to allow for quick DNA inclusion and reversible release after intracellular delivery. SOF-a-g, which are constructed from 1a-g and CB [8] (1:2), are thus used for exploiting this potential ( Figure 1 ).
Results

Monomers
The first six frameworks have been reported for the inclusion of discrete organic guests and for SOF postmodification29,43, while SOF-g was designed to test the generality of this new delivery strategy.
Fig. 1 | Compounds used in this study.
The structures of compounds 1a-g and CB [8] .
Characterization and cytotoxicity of SOF-g. The synthesis and characterization of the new SOF-g was discussed here in detail as an example since SOF-a-f was prepared and characterized previously. Tetrahedral monomer 1g was prepared from tetrakis(4-(bromomethyl)phenyl)methane and isoquinoline followed by ion exchange. SOF-g was prepared by dissolving the 1:2 mixture of 1g and CB [8] in hot water. The X-ray crystallographic structure of the 2:1 mixture of Nbenzylisoquinolinium bromide (2) with CB [8] revealed that two isoquinolinium moieties were entrapped in the cavity of the CB [8] ( Supplementary Figure 1) , which evidenced the 2:1 binding motif of 1g and CB [8] . 1H Figure 12 ). These observations supported that both ss-and dsDNAs were included into the interior of the SOFs through multivalent electrostatic interaction. 41, 42 Assuming the concentration of the DNAs at the inflection point to be the saturation inclusion concentration, the weight% of the DNAs included by the SOFs can be calculated ( Supplementary Tables 2 and 3 ). It was found that at [1] = 5.0 M, the SOF carriers could include 18-70w% of ssDNAs and 14-32w% of dsDNAs, whereas at [1] = 2.5 M, the values were 12-43w% and 19-32w%, respectively.
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The fluorescence quenching of single-and double end-labeled DNAs (Cy5-ssDNA-21, Cy5-ssDNA-58, Cy5-ssDNA-21-FAM, HEX-ssDNA-21-Cy5, and Cy5-ssDNA-58-FAM)
( Supplementary Table 1 ) by SOFs was also investigated. In all the cases, the quenching of the fluorescence probes also displayed an inflection when about 6~20 molar equivalent of SOFs was added ( Figures 2g-l and Supplementary Figures 13-20) , and the longer DNA requires more equivalent of SOFs for reaching the saturation. When normalized by the cation/anion charge ratio, the above equivalence translates to a ratio of 1.0~1.4 between the total cation concentration of SOF and the total anion concentration of the DNA. These results strongly support that these DNA strands are effectively included within the frameworks to reach a charge balance. 
Isothermal titration calorimetric (ITC) experiments. To quantitatively evaluate the inclusion
of SOFs for DNAs,44 ITC experiments were performed for SOF-a and SOF-g and the above six ssand dsDNAs (Figure 3 and Supplementary Figures 21a-d) . As the inclusion occurred homogeneously, it was expected that, once being included into the interior of the frameworks, linear (Figure 5d and Supplementary Figures 27-30 The intracellular delivery of the above five SOF carriers for Cy5-dsDNA-21 (4.8 g), which is composed of Cy5-ssDNA-21 and the complementary single-stranded DNA of 21 nt, into 293A cell line was then investigated (Figure 5b and Supplementary Figure 31 ). Blank test showed that the transfection of the cells by passive diffusion of the nucleic acid was negligible. Preliminary test showed that the transfection efficacy of Lipo2000 was considerably lower and thus its amount was increased to14 g, whereas that of the SOF carriers was still unchanged (7.0 g). However, in all cases detected at different times (15 min, 1 h, and 2 h), the five SOF carriers still exhibited higher transfection efficiency than Lipo2000. Remarkably, SOF-c could realize 95.7% of transfection efficiency in 1 h, and 97.3% in 2 h. The other four SOFs could induce 59%-83% of transfection efficiency in 2 h, whereas in the same timeframe, Lipo2000 could only reach 46.6%.
The transfections of the five SOFs for HPDE, PANC-1, Capan-1, SiHA, H1299, HeLa, and CaCo-2 cell lines were then further tested (Figure 5e and Supplementary Figures 32-35 Finally, we also tested the transfection of the longer Cy5-dsDNA-58 in the 293A cell line, which is composed Cy5-ssDNA-58 and the corresponding un-labeled complementary nucleic acid of 58 nt (Figure 5c and Supplementary Figures 36) . At the dose of 4.8, 14 and 7.0 μg for DNA, Lipo2000
and SOFs, respectively, the transfection efficiency of the five SOFs was all lower than that of Lipo2000 after 15 min, 1 h or 2 h of incubation. The Lipo2000-assisted transfection efficacy was.
However, when the dose of SOFs was increased to 56 μg, their transfection efficiency in 2 h all surpassed Lipo2000 (82.6%), with SOF-c realizing a highest efficiency of 96.8%.
Discussion
The driving forces for the inclusion of DNAs by SOFs were mainly electrostatic attraction and hydrophobicity. Because the inclusion occurred homogeneously, the release of the included DNAs should highly depend on the above two interactions. The dynamic feature of this inclusion process suggests that the included DNA could be released through simple diffusion. Previous in vivo fluorescence imaging of SOF-a showed that the framework accumulated in tumor cells and then was metabolized or degraded in cells.33 Thus, another important route for the release of the included DNA was through the decomposition of the framework. The above CLSM experiments also indicated that the labeled DNAs diffused into all the area of the nuclei, as observed for the delivery of molecular drugs.
In summary, we demonstrate that water-soluble supramolecular organic frameworks can efficiently include short DNAs in a homogeneous manner and realize intracellular delivery into both normal and cancer cells. With the identical carrier loading, in most cases, supramolecular organic frameworks exhibit higher transfection efficacy than the commercial reagent Lipo2000, with SOF-c exhibiting the most promising transfection efficacy. These water-soluble self-assembled entities represent a novel class of off-the-shelf gene-delivery carriers that feature easy formulation, high stability and in situ DNA inclusion. In the future, this promising strategy will be explored for the transfection of siRNA.
